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LAUNCH WINDOW EFFECTS ON THE APOLLO i o  (MISSION F) 

OPERATIONAL ABORT PLAN 

By Contingency Analysis Section 

1.0 SUMMARY 

The purpose of t h i s  document i s  t o  present  an ana lys i s  of abort  
maneuver requirements and of abort  t r a j e c t o r i e s  t h a t  resu l t  from simu- 
l a t e d  abort  maneuvers f o r  aborts  which occur from various nominal l una r  
t r a j e c t o r i e s .  Nominal lunar t r a j e c t o r i e s  t h a t  are considered were simu- 
l a t i o n s  of required Apollo 10 (Mission F) t r a j e c t o r i e s  of various launch 
azimuths and i n j e c t i o n  opportunities for t h e  May 1969 launch window. 

Suf f i c i en t  da t a  a r e  shown f o r  each launch day t o  provide preliminary 
updates t o  abort  maneuver requirements. Where possible ,  summarv d a t a  are 
provided t o  show t h e  e f f e c t  on abort maneuver requirements of changing 
t h e  launch day, launch azimuth, and i n j e c t i o n  opportuni t ies .  

Operational abort  t r a j e c t o r y  da ta  t h a t  would not normally have been 
updated between t h e  t i m e  of publ icat ion of t h e  operat ional  abort  plan 
and mission t i m e  are included i n  t h i s  document t o  account for t h e  change 
i n  t h e  planned launch day from May 17 t o  May 18. 

P 

The r e s u l t s  of t h e  ana lys i s  i nd ica t e  t h a t  ne i the r  t h e  abort  p l an  nor 
t h e  accepted contingency techniques are compromised i n  any way. There- 
f o r e ,  it i s  concluded t h a t  a continuous abort  capab i l i t y  ex is t s  for a l l  
mission phases of t h e  e n t i r e  May 1969 launch window. 
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2.0  INTRODUCTION 

The purpose of t h i s  document i s  t o  i l l u s t r a t e  t h e  changes i n  t h e  
Apollo 10  (Mission F )  abort  maneuver requirements when other  i n j e c t i o n  
opportuni t ies  a r e  considered. 
plans are based on a May 18, 1969, 72' launch azimuth, f irst  opportunity 
T L I ,  and because e i t h e r  of t h e  l a t t e r  v a r i a b l e s  may change, mission abor t  
c a p a b i l i t y  must be inves t iga t ed  t o  in su re  t h a t  it e x i s t s  and i s  compatible 
with preplanned procedures and cons t r a in t s .  Note t h a t  after reference 1 

I n  m r t i c u l a r ,  t h e  launch d a t e  was changed from May 17 t o  May 18. 
n i f i c a n t  operational abort  t r a j e c t o r y  da t a  not normally presented i n  a 
document of t h i s  type a r e  included and may be considered t o  be r ev i s ions  
t o  t h e  operat ional  abort  document. 

Because t h e  primary mission and abort  

J 

had been published, s eve ra l  changes were made t o  t h e  planned mission. I 
Sig- 

The var iables  invest igated are t h e  day of launch (during May 1969) ,  
t h e  launch azimuth, and t r ans luna r  i n j e c t i o n  ormortunity. This document 
supplements t h e  bas i c  abort  plan ( ref .  1); the re fo re ,  t o  avoid needless 
r e p e t i t i o n ,  explanations w i l l  not be repeated. 

I n  general ,  t h e  t o p i c s  discussed i n  t h i s  document include maneuver 
monitoring considerations p r i o r  t o  an abort  and necessary t r a j e c t o r y  
t r adeof f  information such as r e t u r n  t o  e a r t h  f l i g h t  t i m e s ,  f u e l  c o s t ,  
and landing loca t ion .  
of abort  during any mission phase and t h e  nominal mission events are 
reDeated from reference 1 i n  f i g u r e  2-1. This document and o the r  major 
F and G mission milestones f o r  t h e  Contingency Analysis Section are shown 
i n  f i g u r e  2-2. 

The o v e r a l l  r e l a t i o n s h i p  of t h e  various methods 

Normally, abort  maneuvers would be performed by use of t h e  PGNCS. 
When t h e  PGNCS i s  not ava i l ab le  f o r  use,  maneuver a t t i t u d e  may be estab- 
l i s h e d  with ex te rna l  v i s u a l  references.  

An invest igat ion of poss ib l e  uses of t h e  sun, e a r t h ,  moon, and stars 
f o r  contingency o r  f o r  backup a t t i t u d e  reference f o r  t h e  major t h r u s t  
maneuvers has been documented ( r e f .  2 ) .  
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3.0 ABBREVIATIONS 

V 

4 

a 

* 
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AOL 

C O I  
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DPS 
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EPO 

FCUA 

G MCC 

G . m . t .  
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g . e . t .  

IMU 

IOL 

LEV 

LO1 

LOI-1 

LOI-2 

LPO 

IWL 

PGNCS 
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At l an t i c  Ocean l i n e  (recovery) 

contingency o r b i t  i n se r t ion  

command and se rv ice  module 

descent propulsion system 

display keyboard 

Eastern P a c i f i c  l i n e  (recovery) 

e a r t h  parking o r b i t  

f u e l - c r i t i c a l  unspecified area 

midcourse maneuver i n  t h e  TLC t o  approximate t h e  lunar  
o r b i t a l  geometry of t he  planned G mission 

Greenwich mean t i m e  

en t ry  load 

ground elapsed t i m e  

i n e r t  i a l  measurement un i t  

Indian Ocean l i n e  (recovery) 

launch escape vehicle  

lunar  o r b i t  i n s e r t i o n  
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lunar  o r b i t  c i r cu la r i za t ion  i n t o  a 60-11. m i .  a l t i t u d e  o r b i t  

l una r  parking o r b i t  

mid-Pacific l i n e  (recovery) 

primary guidance and navigation con t ro l  system 

transformation matrix from i n e r t i a l  t o  stable member ( I N )  
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RTCC 

sc 

S-IVB 

SPS 

TB6 

TEI 

TFT 

TLC 

TLI  

WPL 

AR 

AV 

Real-Time Computer Complex 

spacecraf t  

launch vehicle  t h i r d  s tage  

serv ice  propulsion subsystem 

timebase 6 - second S-IVB burn i n i t i a t i o n  sequence 

t r ansea r th  i n j e c t  ion 

t o t a l  f l i g h t  time from T L I ,  L O I ,  or TEI shutdown t o  landing 

t rans lunar  coast  

t rans lunar  i n j ec t ion  

West Pac i f i c  l i n e  (recovery) 

d i f fe rence  between t h e  onboard predicted landing point  and 
t h e  mode I11 t a r g e t  point  

t o t a l  sensed ve loc i ty  change 
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4.0 LAUNCH PHASE 

The launch phase abort  data a r e  not a f fec ted  by t h e  change i n  launch 
day. Changes do occur within the d a i l y  launch window by v a r i a t i o n  of t h e  
launch azimuth t o  meet t h e  required t a rge t ing  conditions.  A s  i l l u s t r a t e d  
i n  references 3 and 4, t h e  only s ign i f i can t  e f f e c t  of t h e  va r i ab le  launch 
azimuth on launch abor t s  concerns t h e  associated abort  landing coordinates 
( longi tude ,  l a t i t u d e ) .  Therefore, a l l  of t h e  data f o r  t h e  launch phase 
presented i n  reference 1 f o r  t h e  72' launch azimuth i s  representa t ive  of 
any of t h e  planned f l i g h t  azimuths, except t h a t  t h e  landing coordinates 
must be s h i f t e d  t o  correspond t o  t h e  cor rec t  azimuth. 

The launch abort  landing coordinates f o r  abor t s  from d i f f e r e n t  
f l i g h t  azimuths can be estimated by co r re l a t ion  of t h e  landing range and 
t h e  a c t u a l  f l i g h t  azimuth. To f a c i l i t a t e  t h i s  co r re l a t ion ,  constant range 
l i n e s  f o r  t h e  launch azimuths representat ive of t h e  lunar  launch window 
are shown i n  f igu re  4-1. 
launch) , t h e  associated groundtrack can be determined from f igu re  4-1. 
To help determine t h e  landing range as a funct ion of abort  condi t ions,  
f i g u r e  4-2 i s  included. 
known, t h e  landing range can be determined from f igu re  4-2. 
of t h e  appropriate  launch azimuth t r a c e  on f i g u r e  4-1, t h e  landing co- 
ord ina tes  can be approximated. 
taneous vacuum impact po in t  t r a c e  which can be compared t o  t h e  a c t u a l  
mode I and mode I1 landing t races .  
va r i ab le  launch azimuth on t h e  CSM launch aborts  i s  presented i n  
reference 4 .  

Finen t h e  launch azimuth has been deflned ( a f t e r  

When the i n e r t i a l  ve loc i ty  or t i m e  a t  abort  i s  
Then by use 

Also shown on f igu re  4-2 i s  t h e  instan-  

A de t a i l ed  ana lys i s  of t h e  e f f e c t s  of 
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5.0 TRANSLUNAR INJECTION AND TRANSLUNAR COAST PHASE 

5 . 1  Translunar In j ec t ion  Monitoring 

The crew must have monitoring procedures t o  evaluate  t h e  progress 
of  t h e  t rans lunar  i n j ec t ion  maneuver without ground aid.  A s  described 
i n  reference 1, t h e  procedures cons is t  i n  p a r t  of de tec t ion  and 
v e r i f i c a t i o n  of a f a i l u r e  and shu t t ing  down t h e  S-IVB i f  vehic le  rates 
exceed 1 0  deg/sec o r  i f  a t t i t u d e  deviat ions of 45' from nominal develop 
during t h e  burn. Before t he  mission, t h e  crew i s  provided p i t c h  and 
yaw a t t i t u d e  charts  with t h e  nominal i n e r t i a l  excursion and shutdown 
l i m i t s  shown ( f i g s .  5-1 and 5-2). 
caused by opportunity,  day, and launch azimuth a re  shown i n  f igu res  5-3 
and 5-4. 
and because the  l i m i t s  a r e  so wide,  only one s e t  of cha r t s  (May 18, 
7 2 O  launch azimuth) i s  required.  However, because t h e  IMU p i t ch  gimbal 
angle on t h e  SC a t t i t u d e  ind ica tor  at TLI  i g n i t i o n  changes with t h e  
t h r e e  launch window variables, ground con t ro l  must provide t h i s  angle 
during EPO. The t i m e s  of i g n i t i o n ,  TB6, and guidance cutoff  are shown 
f o r  t h e  May launch days and f o r  t h e  f i r s t  and second opportuni t ies  f o r  
var ious launch azimuths i n  f i g u r e  5-5. 
and at in j ec t ion  are shown f o r  t h e  same va r i ab le s  i n  f i g u r e  5-6. This 
information was obtained from reference 5. 

Maximum v a r i a t i o n s  i n  i n e r t i a l  a t t i t u d e s  

Because t h e  va r i a t ions  are within 4' t o  5 O  of each o ther  

The IMU p i t c h  angles a t  i g n i t i o n  

I n e r t i a l  ve loc i ty  i s  used i n  t h e  crew procedures to back up 
t h e  S-IVB guidance cutoff  ( r e f .  6 ) .  I n e r t i a l  ve loc i ty  at i n j e c t i o n  
for  t h e  three var iab les  i s  shown i n  f igu re  5-7. 

5.2 Aborts from Translunar In j ec t ion  and Translunar Coast Phase 

5.2.1 Introduction.- I n  t h i s  s ec t ion  i s  presented an ana lys i s  of 
t h e  e f f e c t  of various launch opportuni t ies  during May 1969 on abort  
t r a j e c t o r i e s  f o r  aborts  i n i t i a t e d  during t h e  second S-IVB burn, f o r  
abor t s  i n i t i a t e d  immediately after t h i s  burn, and f o r  abor t s  i n i t i a t e d  
on t h e  TLC l e g  of Apollo 10  (Mission F ) .  

The t r a j ec to ry  data are compatible with t h e  da t a  presented i n  

S igni f icant  changes t o  t h e  
references 1 and 7. A f t e r  reference 1 w a s  published, t h e  planned launch 
day w a s  changed from May 17 t o  May 18. 
opera t iona l  abort plan caused by t h e  launch day change are noted i n  t h i s  
sec t ion .  
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5.2.2.- The 10-minute abort.- Although the re  were no s i g n i f i c a n t  
changes (except f o r  t h e  required p i t c h  gimbal angle)  i n  t h e  crew char t s  
prepared f o r  May 17,  t h e  char t s  were regenerated-and a r e  included i n  
t h i s  document [ f i g s .  5-8(a) and 5-8(b)] .  While t h e  SC i s  i n  EPO, t h e  
ground con t ro l l e r s  w i l l  compute a p i t c h  ( i n n e r )  gimbal angle t o  be used 
f o r  t h e  i n i t i a l  a t t i t u d e  maneuvers f o r  t h e  10-minute abor t .  The angle 
i s  a funct ion of geographic pos i t ion  of TLI and, t he re fo re ,  of t h e  day 
and azimuth of launch. The IMU inner gimbal angle i s  shown i n  f i g u r e  5-9 
as a funct ion of launch azimuth for days i n  t h e  May 1969 launch window. 

A t  t h e  nominal TLI  burnout s t a t e ,  t h e  abort  AV di f fe rence  from 
azimuth t o  azimuth remains almost constant throughout t h e  launch window 
f o r  e i t h e r  i n j e c t i o n  opportunity.  The abort  AV requirements f o r  a par- 
t i c u l a r  azimuth increase by approximately 20 fps  from a May 18 t o  May 25 
launch, and increase approximately 20 fps  from f i r s t  t o  second in j ec t ion  
opportunity.  Thus, an abort  from a second in j ec t ion  opportunity on 
May 25 would requi re  approximately 40 f p s  more AV than an abort  from a 
f i rs t  in j ec t ion  opportunity on May 18 f o r  a Dar t icu lar  azimuth. 
t o t a l  d i f fe rence  of 40 f p s  i s  considered negl ig ib le  because t h e  abort  
maneuvers can be performed successful ly  (considering abort  AV only) with 
inaccuracies  of approximately 2700 f p s .  

The 

5.2.3 The 90-minute abort.- The abort  AV and t h e  g .e . t .  at landing 
are shown i n  f igu res  5-10(a) through 5 - l O ( j )  f o r  abor t s  i n i t i a t e d  a t  TLI - 
plus  90 minutes and ta rge ted  t o  t w o  of t h e - f i v e  Apollo contingency landing 
areas, The f igures  show a l l  poss ib le  abort  so lu t ions  within t h e  cons t ra in ts  
noted i n  reference 8 f o r  t h e  May 1969 window. 

5.2.4 Translunar coast  aborts.-  The da ta  are summarized i n  f ig -  
ures  5- l l (a )  and 5- l l (b)  t o  show more e f f ec t ive ly  t h e  e f f e c t  of launch 
va r i a t ions  on t h e  abort  maneuver requirements. The changes i n  abort  AV 
requirements a r e  indicated i n  f igure  7-12 f o r  t y p i c a l  constant abort  
t imes (block da ta  t imes) .  
t o  land a t  t h e  MPL. Note t h a t  the g . e . t .  of t h e  abort  maneuver w a s  held 
constant from t h e  f i r s t  in jec t ion  opportunity t o  t h e  second in j ec t ion  
opportunity.  Therefore,  t h e  aborts  f o r  t h e  second opportunity were 
i n i t i a t e d  approximately 1 .5  hours c loser  t o  T L I .  

A l l  the  simulated abort  maneuvers were ta rge ted  
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6.0 LOI AND LUNAR ORBIT PHASE 

6.1 Aborts During LO1 and Lunar Orbit  

6.1.1 Introduction.-  This s ec t ion  i s  a supplement t o  sec t ion  8.2 
of reference 1. Variat ions i n  launch azimuth, t rans lunar  i n j e c t i o n  op- 
por tuni ty ,  o r  launch da te  have no s i g n i f i c a n t  e f f e c t  on t h e  referenced 
discussions of preabort  c lasses  of t r a j e c t o r i e s ,  abort  modes, o r  abor t  
ground r u l e s .  However, it should be noted t h a t  t h e  s n e c i f i c  regions of 
t h e  abort  modes vary s l i g h t l y  from those  i n  reference 1. 

The LO1 burn used i n  t h e  reference was f o r  a May 17, 1969 launch 
However , t h e  nominal launch (72' launch azimuth , f i r s t  opportunity) . 

date  has been moved t o  May 18, 1969. 
has been included i n  t h e  TLC t o  approximate t h e  lunar  o r b i t a l  geometry 
of t h e  planned G mission. 

I n  addi t ion ,  a midcourse maneuver 

The following sec t ions  f i r s t  w i l l  update t h e  da ta  included i n  r e f -  
erence 1 f o r  t he  new LO1 burn (May 18, G MCC) and then w i l l  i l l u s t r a t e  
t h e  primary e f f ec t s  of launching throughout t h e  May 1969 launch window. 

Data f o r  an LO1 burn t h a t  would follow t h e  midcourse maneuver f o r  
t h e  G mission lunar  o r b i t a l  o r i en ta t ion  w a s  available only f o r  t h e  May 18 
launch (May 18, G M C C ) .  
on t h e  o r ig ina l  Apollo 10  (Mission F) LO1 burns which a r e  compatible with 
t h e  LO1 burn for  May 17, 1969, used i n  reference 1. 

Therefore,  t h e  launch window e f f e c t s  a r e  based 

6.1.2 Abort summary f o r  May 18, 1969, nominal LO1 burn.- I n  t h i s  
sec t ion  i s  summarized t h e  abort  capab i l i t y  t h a t  e x i s t s  after premature 
LO1 shutdown during t h e  nominal LO1 burn. The data are f o r  a mission 
t h a t  i s  launched May 18, 1969, and t h a t  includes t h e  midcourse maneuver 
t o  approximate t h e  G mission lunar  o r b i t a l  geometry. 

The FCUA abort  AV requirements f o r  t h e  e n t i r e  LO1 burn a re  shown 
i n  f igu re  6-1(a). 
engine, CSM only, f o r  t h e  SPS engine, docked configurat ion,  and f o r  t h e  
DPS engine, docked configurat ion.  Of primary i n t e r e s t  i s  t h e  f a c t  t h a t  
a DPS backup i s  ava i l ab le  throughout t h e  LO1 burn. Bas ica l ly ,  t h e  abort  
mode regions are as follows. 

Shown i n  t h e  f igu re  is  t h e  AV ava i lab le  f o r  t h e  SPS 



Ab or t mode Applicable LO1 region 

Mode I at LOIiG p lus  2 h r  omoos t o  2m00S 

V 

I. 

Mode I1 at  LOIIG p lus  2 h r  2m00s t o  3m00s 

Mode I11 3m00s t o  end of LOI-1 

The abort  AV required f o r  r e tu rns  t o  t h e  W L  f o r  premature LO1 
shutdowns i s  presented i n  f igu re  6-1(b).  
a r e  included ( g . e . t .  of landing = 118 h r ,  142 h r ,  and 166 h r ) .  
t h e  DPS abort  i s  ava i l ab le  throughout t h e  LO1 burn, although no AV 

remains following abor t s  near 2m00 . 

Several  t o t a l  mission times 
Again, 

S 

Cornprison of f igu res  6-1(a) and 6-1(b) i nd ica t e s  t h a t  t h e  FCUA 
mode I11 solu t ions  approximates the mode I11 MPL so lu t ion  for a g . e . t .  
of landing of 166 hours. 
and mode I1 FCUA solu t ions  vary s i g n i f i c a n t l y .  
i n  f i g u r e  6-2. 
6 hours after LO1 i g n i t i o n  are shown. 
co r rec t ive  maneuver nominally performed a t  LO1 

magnitude d i rec ted  along t h e  negative se lenocent r ic  rad ius  vec tor .  The 
co r rec t ive  maneuver i s  required t o  provide an intermediate  e l l i p s e  w i t h  
a c l e a r  per icynthion and reasonable period ( l e s s  than 40 h r )  . The cor- 
r e c t i v e  AV magnitude i s  shown i n  f i g u r e  6-3 along with t h e  maximum delay 
t i m e  poss ib le  so  t h a t  i n i t i a t i o n  of t h e  nominal co r rec t ive  AV magnitude 
w i l l  keep t h e  intermediate  o r b i t a l  period below 40 hours (which provides 
a s t a b l e  e l l i p s e ) .  

However, t h e  g . e . t .  of landing f o r  t h e  mode I 
These times are shown 

Mode I abor t s  t h a t  are delayed 2 hours,  4 hours,  and 
The mode I1 abor t s  cons i s t  of a 

p lus  2 hours and a AV I G  

After  appl ica t ion  of t h e  nominal co r rec t ive  maneuver, t h e  SC com- 
p l e t e s  one revolu t ion  i n  t h e  r e s u l t a n t  intermediate  lunar  o r b i t .  The 
t ime from t h e  co r rec t ive  maneuver t o  per icynthion and t h e  a l t i t u d e  of 
per icynthion are shown i n  f igure  6-4. 
near per icynthion of t h e  intermediate e l l i p s e .  
for mode I1 abor t s  f o r  FCUA and MPL r e t u r n s  are shown i n  f i g u r e  6-5. 

The second mode I1 DPS burn occurs 
The g . e . t . ' s  of i g n i t i o n  

The mode I11 abor ts  occur one or more revolut ions after premature 
LO1 shutdown. The per iods of t h e  preabort  e l l i p s e s  a r e  from 2 hours t o  
1 5  hours. 
r e t u r n s  a r e  shown i n  f i g u r e  6-6. 

The g . e . t . ' s  o f  i gn i t i on  f o r  mode I11 abor t s  f o r  FCUA and MPL 

Note t h a t  although t h e  abort  burns were simulated by an impulse and 
although t h e  t r ansea r th  coas ts  used patched-conic t r a j e c t o r i e s ,  a l l  
intermediate  lunar  o r b i t s  were prec is ion  in tegra ted .  To summarize t h i s  
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sec t ion ,  a complete DPS backup e x i s t s  f o r  premature LO1 terminat ions 
t h a t  occur a f t e r  a nominal May 18, 1969, launch of Apollo 10 (Mission F) 
which i s  ta rge ted  t o  approximate t h e  G mission lunar  o r b i t a l  geometry. 

6 .1 .3  Launch window e f f e c t s  on LO1 aborts . -  It w a s  s t a t e d  i n  t h e  
introduct ion -(sect ion 6.1.1) t h a t  t h e  launch window e f f e c t s  would be 
based on t h e  o r i g i n a l  Apollo 10  (Mission F )  LO1 burns which do not in-  
clude a midcourse maneuver during TLC t o  approximate t h e  G mission lunar  
o r b i t a l  geometry. 
with these  LO1 burns f o r  var ious launch da tes .  

Therefore,  t h e  LO1 burn i n  re ference  1 i s  compatible 

Two major areas  a r e  of primary i n t e r e s t  when t h e  e f f e c t s  of launch 
da te  a r e  inves t iga ted .  These are as  follows. 

1. The mode I/mode I1 abort  overlap a v a i l a b i l i t y  

2. DPS abor t  capab i l i t y  from t h e  r e s u l t a n t  60- by 60-11. m i .  lunar  
o r b i t  

The mode I/mode I1 abort  overlap t h a t  r e s u l t s  from t h e  nominal 
mode I1 correc t ive  maneuver f o r  a May 18 launch da te  i s  shown i n  f ig -  
ures  6-7(a) and 6-7(b) f o r  a 72O azimuth, f i r s t  opportunity launch and 
f o r  a 108O azimuth, second opportunity launch, respec t ive ly .  Data f o r  
a 7 2 O  azimuth launch and f i r s t  opportunity t rans lunar  i n j ec t ion  on May 
23, and 25 are  shown i n  f igu res  6-7( c )  through 6-7(e) .  I n  a l l  cases ,  
t h e  cor rec t ive  maneuver w a s  taken from t h e  nominal May 17, 1969, abort  
da ta  presented i n  reference 1 and reproduced here  as f i g u r e  6-8. 

Comparison of f igures  6-7(a) through 6-7(e) i nd ica t e s  t h a t  a mode I/ 
mode I1 overlap r e s u l t s  from use of t h e  nominal May 17 LO1 co r rec t ive  
maneuver ( f i g .  6-8) f o r  a major por t ion  of t h e  May launch window. The 
exception occurs during t h e  LO1 burn of a lunar  mission launched May 25, 
1969. 
mode I1 overlap can be developed. For s impl i c i ty ,  only one poin t  of t h e  
mode I1 curve i s  included i n  f i g u r e  6-7(e). 
time of 1 5OS, with a cor rec t ive  maneuver of 900 f p s ,  as opposed t o  a 
nominal cor rec t ive  maneuver of 770 f p s .  Other than t h e  AV magnitude, 
t h e  cor rec t ive  maneuver i s  executed i d e n t i c a l l y  t o  t h e  nominal cor rec t ive  
maneuver. 
intermediate e l l i p s e  a r e  presented i n  f igu res  6-9(a) through 6-9(e) f o r  
t h e  dates  shown i n  f igu res  6-7(a) through 6-7(e).  

However, note  t h a t  a mode I1 abort  which w i l l  permit a mode I /  

This po in t  i s  a t  an LO1 burn 
m 

The pericynthion a l t i t u d e  and time t o  per icynthion i n  t h e  

The primary conclusion concerning t h e  mode I/mode I1 abort  overlap 
i s  t h a t  t h e  nominal co r rec t ive  maneuver developed f o r  t h e  f i rs t  day of 
t h e  launch window can be used f o r  a majori ty  of poss ib le  launch\ days. 
days l a t e  i n  t h e  monthly window, new values  of t h e  co r rec t ive  maneuver 
must be used t o  permit a mode I/mode I1 overlap.  

For 

0 
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The e f f e c t s  of t h e  da i ly  launch window on FCUA abor ts  after a pre- 
mature LO1 terminat ion a r e  q u i t e  small. For example, t h e  mode I abort  
AV increases  by up t o  25 f p s  f r o m t h e  7 2 O  launch azimuth, f i r s t  oppor- 
t u n i t y  t o  t h e  108O launch azimuth, second opportunity.  
e f f e c t s  of azimuth or opportunity were not inves t iga ted  because t h e i r  
r e s u l t a n t  e f f e c t  on LO1 i s  t o  change t h e  t i m e  of LO1 ign i t i on ;  thus ,  
t h e  two e f f e c t s  can be considered toge ther .  

Individual  

The e f f e c t s  of t h e  monthly launch window a r e  more pronounced. 
During t h e  f i r s t  2 days of t h e  launch window (May 18 and May 20) ,  t h e  
mode I AV for a given time of LO1 shutdown d i f f e r  a t  t h e  most by only 
25 f p s .  During t h e  remaining 3 days (May 23, May 24, and May 25) ,  t h e  
mode I abort  AV f o r  a given t i m e  of shutdown may decrease by up t o  100 
t o  200 f p s .  The decrease i n  mode I abort  AV i s  accompanied by a cor- 
responding increase of 200 t o  300 f p s  i n  mode I1 abort  AV. The ove ra l l  
e f f e c t  of t h i s  AV change i s  t h a t  t h e  mode I/mode I1 crossover region i s  
s h i f t e d  later i n  t h e  burn by 5 t o  10  seconds for launch days i n  t h e  
l a t t e r  p a r t  of t h e  window. 

The second launch window e f f e c t  considered here  i s  t h e  DPS abort  
capab i l i t y  from t h e  60-11. m i .  P O .  
one revolut ion pas t  termination of LOI-2 i s  presented i n  t a b l e  6-1. 

A summary of mode I11 abor ts  i n i t i a t e d  

Returns are shown i n  t a b l e  6-1 t o  t h e  mid-Pacific and At l an t i c  re- 

I n  each case,  t h e  t h i r d  day of landing re- 
covery areas. 
f o r  each launch opportunity.  
qu i res  t h e  least abort  AV. 
t h e  end of LOI-2 i s  approximately 2900 f p s ,  it can be seen from t h e  t h i r d  
column of t a b l e  6-1 t h a t  r e tu rns  t o  t h e  MFL and t h e  AOL a r e  ava i l ab le  
throughout t h e  May 1969 launch window. The nominal May 18 LO1 burn which 
i s  t a rge ted  t o  approximate t h e  G mission lunar  o r b i t a l  geometry i s  in- 
cluded i n  t a b l e  6-1 as wel l  a s  the  o r i g i n a l  May 18 LO1 burns compatible 
with those i n  reference 1. 

Solut ions f o r  t h r e e  d i f f e r e n t  days of landing a r e  presented 

Therefore, because t h e  DPS AV ava i l ab le  at 

6.1.4 LO1 crew chart  f o r  May 18, 1969, launch.- The nominal May 17 
15-minute LO1 crew char t  presented i n  re ference  1 i s  updated here  for 
t h e  May 18 lunar  mission ta rge ted  t o  achieve G mission lunar  o r b i t a l  
geometry. The crew chart  i s  presented i n  f i g u r e  6-10. 
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7.0 TFW'GEARTH 1,NJECTXON 
AND TRANSEARTH COAST PHASE 

72'11 

108O/2 

7.1 Aborts from TEI and Transearth Coast 

7.1.1 Introduction.-  The discussion of t h e  preabort  c l a s ses  of 
t r a j e c t o r i e s ,  abort  modes, and abort  ground r u l e s  contained i n  - 
sec t ion  9.0 of re ference  1 appl ies  here .  
var ious launch da tes  are t a rge ted  t o  t h e  MPL, they d i f f e r  pr imar i ly  i n  
t h e  t r ansea r th  f l i g h t  t i m e ;  t h a t  i s ,  t h e  preburn o r b i t  i s  a 60-11. m i .  
LPO, and t h e  post-TEI burn i s  a hyperbola with t h e  cor rec t  t r a n s e a r t h  
f l i g h t  time t o  achieve an MPL r e tu rn .  
s ec t ion  i s  l imi ted  t o  t h e  abort  capab i l i t y  from various TEI burns of 
d i f f e r e n t  f l i g h t  t i m e s ,  r a t h e r  than on a d a i l y  basis throughout t h e  
May window. 

Because t h e  TEI burns f o r  

Therefore,  t h e  ana lys i s  of t h i s  

7.1.2 Abort ana lys i s  of var ious TEI burn prof i les . ;  A l l  t h e  TEI 
burns considered i n  t h i s  s ec t ion  are f o r  a May 18, 1969, launch date 
and are l i s t e d  below. 

Azimuth/ 
opportunity 

0 

Approximat e Nominal 

~~ lunar  hr o r b i t ,  I e a r t h  
time i n  g . e . t .  of 

landing , h r  

61 

62 

192 

188 

Case 3 corresponds t o  t h e  nominal TEI burn cur ren t ly  planned f o r  
Apollo 10 (Mission F ) .  
cases i s  shown i n  f i g u r e  7-1. The region of t h e  TEI burn considered i s  
l imi t ed  t o  the  mode I/mode I1 overlap region,  except f o r  f i g u r e  7 - l ( c ) ,  
which analyzes t h e  nominal Apollo 10  (Mission F) TEI burn. 
seen from f igu re  7-l(a) t h a t  a mode I/mode I11 overlap e x i s t s  when t h e  
TEI burn i s  ta rge ted  t o  a r e l a t i v e l y  long t r a n s e a r t h  f l i g h t  t i m e  (79 h r ) .  

The FCUA abort  capab i l i t y  f o r  t h e  above four  

It can be 
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However, as t h e  f l i g h t  t i m e  i s  reduced (cases  2, 3, and 41, a gap appears 
between mode I and mode 111, and a mode I1 abort  i s  required.  
region becomes l a r g e r  as f l i g h t  t i m e  i s  reduced, u n t i l  a gap occurs be- 
tween mode I and mode I1 [ f i g .  7-1(d)] .  
mode I1 (cases  2, 3, and 4), it was necessary t o  develop a new p l o t  f o r  
the  co r rec t ive  maneuver AV versus burn t ime. These p l o t s  a r e  shown f o r  
cases  2, 3, and 4 i n  f igu res  7-2(a) ,  7 -2(c) ,  and 7-2(e) ,  respec t ive ly .  
Also shown i n  each f i g u r e  i s  t h e  maximum delay time poss ib le  f o r  t h e  
co r rec t ive  maneuver t o  r e s u l t  i n  an intermediate  o r b i t  with a pericynthion 
a l t i t u d e  of g rea t e r  than 40 n. m i .  
per iod less than 40 hr .  ) 
a l t i t u d e  of t h e  intermediate  e l l i p s e  a f t e r  performing t h e  cor rec t ive  
maneuver f o r  cases 2,  3, and 4 are shown i n  f igu res  7-2(b),  7-2(d),  and 
7 - 2 ( f ) ,  respec t ive ly .  F ina l ly ,  the TEI abort  canab i l i t y  f o r  case 3, t h e  
nominal TEI burn f o r  MPL r e tu rns ,  i s  presented i n  f i g u r e  7-3. 

The mode I1 

For each TEI t h a t  requi res  a 

(This cons t r a in t  keeps t h e  preabort  
The time t o  per icynthion and pericynthion 

Note that  the  main e f f e c t  of t h e  launch window on TEI i s  t h e  d i f -  
ference i n  t r a n s e a r t h . f l i g h t  time, which is  d i r e c t l y  proport ional  t o  the  
AV magnitude of TEI .  For example, performance of TLI on t h e  second op- 
po r tun i ty  r a t h e r  than  on t h e  f irst  means t h a t  TEI w i l l  be approximately 
1 .5  hours l a t e r ;  t hus ,  the  t r ansea r th  f l i g h t  t i m e  must be reduced by 
1 . 5  hours f o r  t h e  SC t o  be ab le  t o  land a t  t h e  same landing s i t e .  This 
la ter  performance of TEI  could mean an increase  i n  TEI AV of near ly  
100 fps. 
t r ansea r th  coast  time must be shortened by 4 hours with approximately a 
300-fps increase i n  the  TEI  AV magnitude. 
1 or  more days, t h e  motion of t he  moon about t h e  e a r t h  becomes s i g n i f i c a n t .  
A 1-day delay of t h e  launch increases  t h e  r e t u r n  f l i g h t  time t o  a given 
landing area  by 1 . 5  t o  2 hours through the  May 1969 launch window. This 
increased f l i g h t  time r e s u l t s  i n  a reduct ion of 100 fps  i n  TEI AV. I n  
each of t h e  previously discussed cases ,  t h e  AV's given were f o r  a TEI of 
approximately 3600 fps ,  and t h e  values would very s i g n i f i c a n t l y  f o r  much 
larger or smaller TEI AV magnitudes. 

For a launch on a 108O azimuth ins tead  of a 72' azimuth, t h e  

When t h e  launch i s  delayed by 

However, t h e  launch window e f f e c t  on TEI  i s  small compared t o  e f f e c t s  
expected from some of t h e  recent  decis ions t o  shorten t h e  t r ansea r th  f l i g h t  
time by 24 hours. An example would be t h e  case of a TEI t o  the MPL w i t h  
a t r a n s e a r t h  f l i g h t  time of 66 hours and a AV magnitude of 3030 fps. To 
land a t  the MPL 24 hours earlier, an add i t iona l  1600 fps  would be required;  
t o  land t h e r e  24 hours later,  300 f p s  less would be required.  The d a i l y  
launch window e f f e c t  may a l s o  be negated i f  TEI is  performed a number of 
revolu t ions  ea r ly  o r  late.  For each revolu t ion  TEI i s  delayed, the t rans-  
e a r t h  f l i g h t  t i m e  must be increased by 2 hours and t h e  TEI AV increased 
by up t o  200 f p s ,  based on t h e  re turn  t i m e .  
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I n  conclusion, t h e  TEI abort  problem d i f f e r s  from t h e  LO1 abor t  
problem i n  t h a t  l a r g e  va r i a t ions  may occur i n  the  TEI burn t i m e ,  based 
on changes i n  (1) the launch t ime, ( 2 )  t h e  revolu t ion  during which TEI 
occurs, o r  ( 3 )  t h e  r e t u r n  f l i g h t  t ime which i s  chosen. 
abort  s tud ie s  were made on four  TEI's chosen for t h e i r  c h a r a c t e r i s t i c  
t r a n s e a r t h  f l i g h t  times r a t h e r  than from s t r i c t l y  launch window 
considerat ions.  

For t hese  reasons,  



8.0 CONCLUSIONS 

The launch phase abort  da ta  a r e  not a f f ec t ed  by t h e  change i n  launch 
day or i n j e c t i o n  opportunity.  Changes do occur within t h e  d a i l y  launch 
window by va r i a t ion  of t h e  launch azimuth t o  meet t h e  required t a r g e t i n g  
condi t ions.  The only s ign i f i can t  e f f e c t  of t h e  va r i ab le  launch azimuth 
on launch abor t s  concerns t h e  associated abort  landing coordinates.  
These landing coordinates can be determined, as shown i n  t h e  t e x t ,  based 
on t h e  a c t u a l  f l i g h t  azimuth and t h e  range a t  landings f o r  t h e  p a r t i c u l a r  
abor t .  

The e f f e c t  of launch var ia t ions  on t h e  10-minute abort  from TLI can 
be considered negl ig ib le .  S igni f icant  d i f fe rences  i n  abort  maneuver re- 
quirements f o r  abor t s  after TLI caused by launch va r i a t ions  are apparent 
i n  t h e  enclosed f igu res .  However, t h e  maneuver requirement changes i n  
no way a f f e c t  t h e  abort  plan.  

LO1 

For a nominal mission launched on a 7 2 O  launch azimuth, first op- 
por tuni ty ,  May 18, 
r e tu rns  t o  t h e  MPL 
60-11. m i .  LPO. 

A continuous 
i n  t h e  mode I/mode 

1969, a continuous DPS backup abort  capab i l i t y  f o r  
e x i s t s  f o r  premature LO1 terminations and f o r  t h e  

DPS backup abort  capab i l i t y  f o r  FCUA re tu rns  e x i s t s  
I1 crossover region f o r  every launch opportunity i n  

t h e  May 1969 launch window. 

The p l o t  of mode I1 correc t ive  maneuver AV versus  burn t i m e  which 
w a s  prepared f o r  t h e  nominal launch opportunity i s  adequate f o r  near ly  
every day i n  t h e  launch window. 
window, it i s  poss ib le  t o  develop another p l o t  f o r  t h a t  day which w i l l  
work. 

However, f o r  days l a te  i n  t h e  launch 

DPS abort  capab i l i t y  t o  the MPL and AOL from t h e  60- by 60-n. m i .  
lunar  o r b i t  e x i s t s  f o r  a l l  launch oppor tuni t ies  i n  t h e  May 1969 launch 
window. 

TEI 

For a nominal mission launched on a 7 2 O  launch azimuth, f i r s t  op- 
po r tun i ty¶  May 18, 1969, a continuous SPS abort  capab i l i t y  f o r  FCUA re-  
t u rns  e x i s t s  f o r  premature TEI shutdowns. However, t h e r e  i s  no mode I/ 
mode I11 abort  overlap and mode I1 abor t s  are required.  
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A TEI with a AV magnitude of 4150 f p s  and a t r a n s e a r t h  f l i g h t  t ime 
of 48 hours does not have continuous abort  c a p a b i l i t y  f o r  premature TEI 
shutdowns. A gap appears between mode I and mode 11. 

TEI maneuvers can be g r e a t l y  a f fec ted  by a l a r g e  number of va r i ab le s ;  
t he re fo re ,  it is more meaningful t o  choose TEI f o r  an abort  study by t h e  
t r a n s e a r t h  f l i g h t  t i m e  r a t h e r  than by launch window considerat ions.  
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(a) Case 1, transearth flight time * 79 hours. 

Figure 7-1 .- Summary of FCUA abort capability for various 
TEI burn profiles. 
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(b) Case 2, transearth fl ight time = 63 hours. 

Figure 7-1 .- Continued. 
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Pericynthion of altitude of intermediate ellipse, h,,, n. mi. 
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Figure 7-2.- Continued. 
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Figure 7-2.- Concluded. 
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